This article describes what can happen when sustained effort and resources are devoted to creating a teacher professional support and development organization that puts teachers' needs first. Over the last ten years, Math for America Los Angeles has supported 179 secondary school mathematics and computer science teachers in developing their leadership through multi-year teaching fellowships. We share some of its history, design principles, and effects on teachers and students.
Introduction
Here is a paradox: though the field of teacher leadership has amassed wisdom about what effective teacher professional learning should look like, robust evidence of that effectiveness remains elusive (Garet et al., 2011; Hill, 2015; Jacob & McGovern, 2015) . Yet, "one constant finding in the research literature is that notable improvements in education almost never take place in the absence of [teacher] professional development" (Guskey, 2000, p. 4) .
In this article, we describe what can happen when sustained effort and resources are devoted to creating a "gold-standard" teacher professional support and development organization that puts teachers' needs first. Taking teachers' needs seriously involves listening to what teachers say they need and want for their professional learning, respecting them as professionals, and caring for them as individuals. Creating a high-quality professional development organization requires attending to that amassed wisdom about what effective teacher professional development looks like, investing sustained effort and resources in teachers over time, while attending carefully to program evaluation and assessment.
Math for America Los Angeles (MfA LA) is a non-profit organization founded in 2007 by the University of Southern California, Claremont Graduate University, and Harvey Mudd College that aims to raise student achievement by improving secondary school mathematics and computer science (CS) teacher recruitment, retention, and quality in the greater Los Angeles area. We aspire to achieve a critical mass of highly-effective mathematics and CS teacher leaders in the greater Los Angeles area so as to improve student learning and bring about more equity and justice. We strive to nurture teacher leaders because of the robust evidence that teachers have a significant effect on student learning (Hattie, 2009; Haycock, 1998; McCaffrey, J.R. Lockwood, Koretz, & Hamilton, 2003; Nye, Konstantopoulos, & Hedges, 2004; OECD, 2005; Timperley & Alton-Lee, 2008) .
Why does MfA LA focus on mathematics and CS teachers? Mathematics is crucial to the preparation of future scientists, engineers, and creative thinkers and is a critical gate-keeper for many students pursuing STEM fields. At the same time, shifts in technology and employment trends have established the importance of CS as a basic skill necessary for full participation in the modern workforce. Access to CS courses in schools correlates highly with the percentage of Caucasian families and socio-economic status of families in the neighborhood (Margolis, 2010) . Therefore, unequal access to quality math and CS education is a major barrier to broader participation in STEM. Moreover, high poverty, high minority, and urban public schools have the highest rates of mathematics and science teacher turnover and shortages and schools have become more segregated by race and income over the last two decades (Ingersoll & May, 2010; Owens, Reardon, & Jencks, 2016) .
In Section 2, we explain how MfA LA builds on other teacher professional development efforts and reflects long-standing understandings about effective teacher professional development. Next, we describe MfA LA's program design and evidence of impact in Sections 3 and 4. Finally, we close with some lessons about teacher professional development that we have learned.
Building on the Other Teacher Professional Development Efforts
Two of us (Pam Mason and Darryl Yong) have been the primary architects of MfA LA's professional development efforts. Before we describe specific details about those efforts in Section 3, we first reflect on prior experiences that have affected how we think about teacher professional development. We do this to acknowledge and honor the efforts of others who have indirectly contributed to this work and to show how MfA LA relates to and benefits from the accumulated wisdom of prior and contemporary efforts. Finally, we also connect these ideas to research on the characteristics of successful teacher professional development programs.
Teacher Leadership Opportunities and National Board Certification
Throughout my career as a middle school teacher, I (Pam) had many opportunities to develop my leadership skills. After the Los Angeles Unified School District (LAUSD) teachers' strike in 1989, negotiations with the district included restructuring our schools and implementing school site decisionmaking. The new contract in 1991 empowered teachers to be integral partners in school reform and management. Our school (Patrick Henry Middle School) was selected as one of the first eight Los Angeles Education Alliance for Restructuring Now (LEARN) schools. LEARN was an organization started by a small group of business executives and local activists that attempted to restructure schools to have greater local control. At that time, I was math department chair, math coach, the teacher's union (United Teachers of Los Angeles) chapter chair, union representative for our local area, and the lead teacher with my principal co-leading our school under LEARN. I was then asked by the union to be its mathematics educator representative on all professional development and curriculum committees and at district mathematics meetings. That was the first time in my career that teachers at each school site and district-wide were informing the decisions that were being made regarding professional development programming.
Around the same time, my school was selected to be part of Los Angeles Systemic Initiative, a federallyfunded program designed to improve mathematics and science education. My classroom became the meeting place for math teachers in our area to discuss, reflect, work together to implement a new integrated mathematics curriculum. It was helpful that I was teaching and coaching at that time because I could model what worked in my own teaching. This teacher-initiated style of professional learning that avoids dogmatic insistence on one pedagogical approach reflects strongly in MfA LA's design.
Another formative experience for me was my involvement in a pilot program for the National Boards for Early Adolescence and Adolescence and Young Adulthood Mathematics in 1997. The process of becoming a National Board Certified Teacher was one of the best professional development experiences I have had. That experience is the reason why National Board certification is an integral part of MfA LA's Master Teacher Fellowship Program.
Mathematics Institutes and Teacher Circles
In the late 1980s and early 1990s, the National Science Foundation Divisions of Mathematical Sciences and Elementary, Secondary and Informal Education promoted the idea of integrated mathematics institutes. A number of Regional Geometry Institutes resulted from those efforts. Herb Clemens, Dan Freed, and Karen Uhlenbeck created one of these institutes that became the IAS/Park City Mathematics Institute (PCMI). This intensive summer program brought mathematics researchers and educators together to learn amongst each other. From its start, PCMI included a program for school teachers under the direction of Jim King. Currently, that program is called the Teacher Leadership Program. It has roots that can be traced back to the Ross Program at Ohio State University and PROMYS at Boston University. I (Darryl) first participated in a program for undergraduate mathematics faculty at PCMI in 2003. There, I met Peg Cagle, a middle school math teacher, who had started a mathematics teacher circle in Los Angeles and was looking for an undergraduate mathematics faculty to co-organize it. Math teacher circles were much less common at that time than they are now; it was unusual for a group of teachers from different districts to gather together on a Saturday to do mathematics together. My involvement in PCMI's Teacher Leadership Program and that Los Angeles mathematics teacher circle gave me a lasting, profound respect for the work that teachers do and helped me to understand the value of helping mathematics teachers develop their own mathematical identities. It was also through this teacher circle that I got to know Pam Mason.
Brief History of Math for America Los Angeles (MfA LA)
Founded in January 2004 by Jim Simons, Math for America is a nonprofit organization whose mission is to promote recruitment and retention of high quality mathematics teachers in New York City secondary schools. Math for America spawned autonomous but affiliated organizations in San Diego, Los Angeles, Berkeley, Utah, Boston, and the District of Columbia, each with its own approach to teacher recruitment, certification, and professional development. Since then, MfA LA has supported 179 secondary school teachers in the greater Los Angeles area through its two multi-year teacher fellowship programs. It currently supports 17 Early Career Fellows and 70 Master Teacher Fellows. Like most other MfA sites, MfA LA began by emulating MfA's original Teacher Fellowship program, a five-year fellowship for beginning secondary-school mathematics teachers that included one year of teacher credentialing. MfA LA Teacher Fellows could choose to become credentialed at either the University of Southern California or Claremont Graduate University. In 2013, MfA LA began awarding five-year Master Teacher Fellowships for experienced teachers. In 2014, the Teaching Fellowship program was replaced by a four-year Early Career Teaching Fellowship, which was identical in every way, except that it did not include support for teachers to become credentialed. (For the purposes of this article, we refer to all beginning teachers currently supported by MfA LA as Early Career Teaching Fellows.) Given that mathematics teachers were responding to increasing demands for secondary-school CS teachers, MfA LA began offering Master Teacher Fellowships to CS teachers in 2018. MfA LA receives support from four grants from the National Science Foundation Robert Noyce Teacher Scholarship Program (DUE 0934923, 1136415, 1439917, 1758455) , Math for America, philanthropic organizations, and individual donors.
Characteristics of Successful Professional Development Programs
During the early days of MfA LA, we (Pam and Darryl) primarily drew on our prior experiences while designing its programs. Over the years, we began to recognize how those design choices reflected wisdom from the rich literature about teacher professional development and sought to bring the former in line with the latter.
Over the last 30 years, research on the characteristics of effective professional development, comprised of research commentaries, empirical studies, and meta-analyses, has been remarkably self-consistent (Banilower, Boyd, Pasley, & Weiss, 2006; Birman, Desimone, Porter, & Garet, 2000; Blank & de las Alas, 2009; Borko, Jacobs, & Koellner, 2010; Darling-Hammond, Hyler, & Gardner, 2017; Desimone, Porter, Garet, Yoon, & Birman, 2002; Garet, Birman, Porter, Desimone, & Herman, 1999; Garet, Porter, Desimone, Birman, & Yoon, 2001; Little, 1993; Loucks-Horsley et al., 1987; Loucks-Horsley, Stiles, Mundry, Love, & Hewson, 2010; Stein, Smith, & Silver, 1999; Timperley, 2008; Timperley & Alton-Lee, 2008; Wilson, 2013) . Each of these citations contains a set of characteristics of effective professional development. We reproduce the oldest and most recent of these cited below to illustrate the consonance between them, save for some variation in the content foci of professional development efforts. As we describe the specific features of MfA LA in the next section, we refer back to these characteristics using the letters and numbers in Table 1 to illustrate how they are reflected the design of MfA LA's programs. It should be noted, however, that these characteristics are necessary but not sufficient conditions for effective professional development (Kennedy, 2016; Sztajn, Borko, & Smith, 2017 ).
MfA LA's Program Design
Though schools and districts are the primary provider of professional development for in-service teachers in the United States, there is a rich history of other types of organizations supporting teachers' professional learning. In her 1993 paper, Judith Warren Little presents a taxonomy of professional development organizations not run by schools and districts: (1) subject collaboratives and other networks, (2) subject matter associations like NCSM and NCTM, (3) school-university collaborations targeted at school reforms, and (4) special institutes and centers. Based on this taxonomy, we classify MfA LA as a school-university, subject-specific teacher collaborative.
In this section, we describe the design of MfA LA's programs following recommended practices for reporting on teacher professional development programs (Loucks-Horsley et al., 2010; Sztajn, 2011) .
Context
Like many other dense urban areas, the greater Los Angeles region is a challenging place in which to be a public school teacher. Los Angeles frequently appears on Forbes' lists of America's Most Overpriced Places. The high cost of living in Los Angeles creates financial challenges for teachers who want to live near where they teach. Additionally, Los Angeles is also highly racially and economically segregated (Silver, 2015; Stokes, 2018) . According to 2018 U.S. Census Bureau estimates, roughly 60% of people (above the age of 5) in Los Angeles County speak a language other than English at home.
During the 2018-19 academic year, MfA LA teachers taught in 60 different schools and 21 different school districts in the greater Los Angeles area. Almost 60% of them work in Los Angeles Unified School District (LAUSD). Second in size only to the New York City School District, LAUSD consists of 1,322 schools (including 216 charter schools) that serve nearly 700,000 students. Other districts in this area tend to be quite small and serve specific local communities. About 8% of MfA LA teachers work in public charter schools, the rest in traditional, non-charter public schools. Even though MfA LA teachers work in wide range of school contexts, they all face a common challenge of teaching mathematics and CS in urban, public school settings. The average school of MfA LA Fellows has high proportions of Hispanic/Latin 1 students (68%) and students eligible for free or reduced lunch (74%).
Like many other places around the country, California is facing a severe teacher shortage (Darling-Hammond, Sutcher, & Carver-Thomas, 2018). Teacher attrition accounts for 88% of the demand of new teachers in California (Darling-Hammond et al., 2018) . This shortage compounds the problem that lowincome and historically marginalized students tend to have less qualified teachers (Adamson & Darling-Hammond, 2011) . Half of new California math and science teachers are entering the profession without an undergraduate degree in their respective fields (Darling-Hammond et al., 2018; Ingersoll, 2002) . In contrast, only 21% of MfA LA teachers do not have an undergraduate degree in their content area and all of them receive monthly training within their content areas. Teachers, especially those who are our best instructors, need rewards, opportunities for growth, and more autonomy to feel vital and remain in the profession (Fiarman, 2007; Ingersoll & May, 2010; Kirkpatrick, 2007) . MfA LA addresses these issues by helping to retain talented, trained teachers in the profession and to support experienced teachers in mentoring beginning teachers into the profession.
Knowledge and Beliefs about Teacher Learning
MfA LA adopts sociocultural perspectives on teachers' learning (Cobb, 1994; Lave & Wenger, 1991; Stein et al., 1999) because of the relevance of these ideas to teachers' communities of practice. Instead of only considering how participation in MfA LA's programs affect teachers' skills, knowledge, and behaviors, we are also interested in the development of shared conceptions of teaching, students, and content knowledge that arise within the organization. We attend to these sociocultural factors because we believe that MfA LA Fellows learn about teaching through participation in communities of practice with other teachers and that learning is shaped by and shapes their social relations with other Fellows. Stories that teachers share over lunch with each other about their classrooms can be as impactful on their teaching practices as the transmission and assimilation of new instructional strategies or content knowledge.
What are the implications of a sociocultural perspective of teachers' learning on MfA LA's programs? If we posit that knowledge resides in the actions of people in a community of practice and evolves as individuals participate in that community, then the conditions necessary for fruitful participation in community become our top concern. We gather together teachers who have a genuine desire to advance their own teaching practices, enculturate them into a community of practitioners who openly share their ideas and resources with each other, allow them the chance to shape their own learning, and reduce the barriers to participation in this community as much as we can.
Critical Issues
According to Sztajn, critical issues faced by teacher professional development programs should also be reported when discussing the results of these efforts. These critical issues include the program's content focus (Section 1), degree to which teachers from same school participate, information about providers (Section 2), use of incentives (Section 3), compulsory or voluntary participation by teachers (Section 4), and teachers' voice in decision making about their own learning professional development (Sztajn, 2011, p. 229) . Some of these have been reported elsewhere (as indicated); the remainder will be discussed in this section.
About 70% of MfA LA teachers teach at a school with at least one other current MfA LA Fellow or program alum. That is both the result of informal word-of-mouth communication (teachers telling their colleagues about open positions or principals calling to inquire about hiring teachers) and also a deliberate design of our Master Teacher Fellowship, which requires teachers to apply together to the program. This "clustering" of teachers at school sites is an important strategy for increasing teachers' job satisfaction and effectiveness, particularly because MfA LA teachers are geographically spread out over an enormous area that makes it difficult for them to otherwise meet socially or professionally.
Because teachers generally have few opportunities to shape the kind of professional development that they receive from schools and districts (Little, 1993) , they often complain about professional development that is "done to them" as opposed to "designed for them." In contrast, MfA LA programs and professional development meetings are designed based on teachers' needs and concerns, which are regularly solicited via anonymous feedback surveys, conversations between program staff and Fellows, and current national and regional trends in the teaching of mathematics and CS. Consequently, unlike many other professional develop programs, MfA LA does not restrict its professional development to particular instructional strategies or curricula. However, three common themes in MfA LA's professional learning are (1) 
Theory of Action
MfA LA's programs rely a theory of action that providing the right kinds of professional supports for teachers will help them become teacher leaders, which the National Board for Professional Teaching Standards defines "instructional and organizational change agents who have a critical impact on school, teacher and student success" (2012). The goal is for these teacher leaders to not only be highly-effective teachers, but to also shape school policy, define outcomes and standards, choose and implement curricula, design professional learning for their colleagues, invent and share teaching innovations, and take on numerous other crucial roles in the educational ecosystem (Barth, 2001; York-Barr & Duke, 2004) . 
Programmatic Details
In this section, we describe features of MfA LA's programs and connect them to characteristics of effective professional development from Table 1 , indicated using parentheses.
MfA LA currently offers two types of fellowships: Early Career Teacher Fellowships and Master Teacher Fellowships, for beginning and experienced teachers, respectively. The Early Career Teaching Fellowship is a four-year commitment and the Master Teacher Fellowship program is a five-year commitment (B7). Both programs are designed to give secondary school mathematics and CS teachers the training, resources and connections they need to become leaders who can enact school change, broaden access to high-quality education and raise student performance.
Both fellowship programs offer teachers a $10,000 annual stipend for participating in regularly monthly professional development meetings together and completing other program expectations (A7). These financial incentives follow the recommendation from the National Mathematics Advisory Panel in its 2008 Final Report that teacher pay may be an effective way to attract and retain effective teachers. MfA LA evaluations have consistently revealed that its Fellows do not stay in the program primarily for the financial compensation, but instead for the professional learning and community that they receive. However, Fellows report this annual salary supplement helps them live more balanced lives, for example, by enabling them to live closer to school and commute less, to start a family, or to pay off college loans. Both programs provide teachers with funding to attend regional and national conferences (A1, B3), for classroom supplies and equipment, and training and support to become certified by the National Board of Professional Teaching Standards, if they have not yet been certified. Conference attendance allows MfA LA fellows to connect with a broader community of educators and provides teachers opportunities to develop their leadership capacity by presenting their work to others (A6).
A key idea of the Master Teacher Fellowship Program is that there is no better way for teachers to develop their leadership capacity than to directly engage in the work of designing and orchestrating student-centered changes in their schools and districts, with the support of other experienced teachers and STEM educators (A1, A2, A4, A9, B3). Applicants must identify some critical need relating to CS and/or math education in their school and propose a plan to address those needs; these plans also need to include some measurable outputs by which success of implementation can be assessed. MfA LA requires that pairs of teachers working at the same school site apply to the program and, if selected, commit to participate in the program together for all five years of the fellowship so that they will have a greater chance of bringing about real, sustained change in their departments.
Time is a crucial, scarce resource for teachers. Expecting them to take on additional creative and instructional responsibilities in addition to all that they are already doing is a recipe for fatigue and burnout (Barth, 2001) . To enable Master Teachers to implement their plans for school site improvement, MfA LA coordinates with each school's administrators to buy out a period for partnering teachers so that they can have a collaboration period in addition to their own "conference" periods (A1, A5, B3). A common collaborative period is only deployed if it is in the best interest of the partnering teachers and their school. Coordination with school administrators is also a mechanism to ensure that teachers' goals align with school and district goals (A9).
Monthly all-day Saturday professional development meetings are the primary mechanism by which MfA LA teachers learn from one another and establish a close-knit community (A1, A8, B1, B2, B3). These meetings are interactive, tightly-orchestrated meetings in which teachers work together in varied configurations, based on their interests, needs, and school contexts. These monthly meetings have evolved over the last 10 years, but have largely retained the same structure: an opening activity designed to help teachers deepen their disciplinary content knowledge, workshops designed to help teachers deepen their own teaching practice, and time and structures for teachers to work and share with each other. The opening content area activities are a highlight for many MfA LA Fellows; these activities often do not directly connect to their school subject matter content, but instead are designed to engage teachers in doing mathematics and/or CS together. STEM faculty from partnering institutions participate in the design and delivery of these activities. The specific topics included in these whole-day meetings depend in large part on based on MfA LA Fellows' needs and interests (A4).
During these monthly meetings, all teachers participate in a year-long Working Group, which function somewhat like a professional learning community (Stoll, Bolam, McMahon, Wallace, & Thomas, 2006) , except that that members of the group may not all work at the same school site (A1, A2, A5, B3, B7). In these Working Group meetings, teachers often share classrooms artifacts such as student work samples, video recordings, or lesson plans with each other. They plan together, troubleshoot issues, and share resources with each other. Fellows who attend conferences are expected to implement any new ideas acquired and share that with the rest of the MfA LA community (A1, A2, B3).
MfA LA also offers coaching support to provide teachers with feedback on their classroom practices (A8, B5, B6). As this feedback is more proximal to teachers' instructional practices, it complements the Working Groups, workshops during monthly meetings, and conference attendance, which are increasingly distal, though still useful, to teachers' own classroom contexts. Veteran teachers hired by MfA LA provide coaching support. MfA LA also partners with researchers from Vanderbilt University (through NSF HER-1620920) to offer a small subgroup of Master Teachers coaching through an innovative video-based formative feedback (Jurow, Horn, & Philip, 2019) .
Finally, MfA LA has actively cultivated an intimate, caring community of teachers in a variety of ways. For example, MfA LA retains the services of a therapist to provide counseling services to its Fellows. In 2017, MfA LA began setting aside a time during monthly meetings for teachers to work in small groups around wellness goals. A warm, affectionate spirit is exemplified in the way that teachers are aware of and celebrate each other's personal and professional accomplishments, the amount of time they spend with each other outside of formal MfA LA events, and the support that they offer each other.
Selection of new MfA LA Fellows takes place each spring. After an initial review of applications, finalists undergo interviews and classroom observations. Selection criteria include passion and aptitude for mathematics and/or CS; demonstrated effectiveness at teaching; desire to advance their own teaching practices; understanding of diversity issues and desire to broaden participation in math and CS; ability to work with and learn from others; leadership capacity and sense of personal responsibility; and ability to adapt to changing situations and unexpected events. Master Teacher applicants must also demonstrate potential for enacting school change through their proposed improvement plan. These plans are judged on their appropriateness, potential for broadening access to quality mathematics and CS education, alignment with school and district standards, thoughtfulness of design, and potential for sustainable change.
MfA LA has a good record of assembling a broadly representative set of Fellows, but continues to actively encourage teachers of color (particularly, African-American and Hispanic/Latinx) to apply. At present, 57% of all MfA LA Teacher Fellows identify as female, 5% as African-American, 26% Hispanic/Latin, and 5% as multiracial.
Evidence of Impact
Before describing what we know about the impact of MfA LA's programs on teachers and students, it is important to highlight that the incentives and mechanisms for teachers' participation in the professional learning offered by MfA LA are different than that offered by schools and districts. Often, teachers are required to attend school-or district-run professional development. In contrast, MfA LA is a non-profit organization that offers competitive multi-year fellowships to teachers. MfA LA fellows opt in and are selected by the organization. This mutual selection between MfA LA and its Fellows creates a unique context for professional learning.
Cobblestone Applied Research & Evaluation, Inc. conducts on-going and comprehensive evaluation of MfA LA's programs. A summary of all sources of data for research and evaluation appears in Table 2 . Using MfA LA's logical model (Figure 2) , MfA LA worked with Cobblestone to define 13 evaluation questions and map data sources onto each question.
Data involving Fellows' students and non-Fellows' students:
 Annual survey of student math attitudes at beginning and end of each school year †  California Standards Tests (CST) student achievement data (2010 to 2015) †  California High School Exit Examina on pass rates (2010 to 2015) †  Smarter Balanced Assessment System (SBAC) student achievement data (2016 and 
Teacher Effects
MfA LA has strong evidence that the support it provides teachers helps to keep them from leaving the teaching profession. Across LAUSD secondary schools, 61% of new teachers are still teaching in LAUSD three years later; across the United States, 56% of new teachers are still teaching five years later (Ingersoll, Merrill, Stuckey, & Collins, 2018) . In contrast, of the new teachers that joined MfA LA from 2008 to 2013, 90% of them were still teaching secondary school three years after they started and 66% of them were still teaching in 2018. These numbers are all the more significant considering that attrition rates for mathematics teachers are higher than for many other disciplines and that attrition in high-need schools is also higher. (See Section 3 for a general description of schools that MfA LA Fellows teach in.)
Fellows report to us that the professional and financial support they receive are the two main reasons why MfA LA helps them to stay in the profession. One teacher reported, "… being a teacher without the support of MfA LA would have been very challenging… I don't think I would've been able to survive more than two years of teaching if I didn't have a community of educators." Another teacher described the effect of MfA LA's financial support: "The MfA LA stipend has become my de facto annual savings; without it I would be living paycheck to paycheck, and my wife would have to take out more in student loans. Without the stipend, I would be compelled to seek alternative income sources, and a relocation or career change would not be ruled out."
There is growing evidence that MfA LA Master Teacher Fellowship Program is helping Master Teachers increase their leadership skills. Nearly two-thirds of MfA LA Master Teachers are certified by the National Board for Professional Teaching Standards; the vast majority of them acquired that certification with support from MfA LA. During the 2017-18 school year, on average each Master Teacher attended 139 hours of professional development, spent 49 hours preparing for professional development, and another 44 hours leading professional development.
Cobblestone includes two survey instruments measuring transformational leadership (Podsakoff, MacKenzie, Moorman, & Fetter, 1990) and instructional leadership (Hallinger & Heck, 2011) for Master Teachers at the beginning and end of their five-year fellowships. Due to small sample size, data from 2012-2014 Master Teacher cohorts was combined and a Wilcoxon Signed-Ranks tests were conducted on both scales. The analysis used list wise deletion, so that only teachers who completed both a pretest and posttest were included. Overall, the differences between the average pretest and posttest ratings for transformational leadership were found to be statistically significant (p ≤ 0.01), whereas the instructional leadership ranks were not (p > 0.05).
Construct
Pretest Furthermore, MfA LA seems to be helping Teacher Fellows have an impact on their colleagues and schools. Anecdotally, about two-thirds of all Fellows reported taking on some form of leadership at their schools during the 2018-19 school year: serving on a school-governance committee, being a department chair, providing professional development for colleagues at their schools, and so on. Here are some representative quotes from teachers:
"The opportunity to give presentations [at MfA LA] regularly has helped me to become a better and more confident public speaker."
"I have confidence in my teaching practice and pedagogy and so I feel able to support other teachers at my school."
"Being in a partnership with [another Fellow] has helped me to develop my leadership skills. We push each other to lead PDs at school and be supportive of other teachers. We are able to do this because we have the time and support provided by MfA LA."
"Participating in MfA LA has had a very positive impact as a mathematics leader, especially at my school and even more this year with the district. I have established a reputation where others value and seek my input. After joining MfA LA and doing National Board Certification, I became much more confident and vocal about mathematics education."
"I became department chair for the first time in my school this year. Also I became a part of the School Site Committee and the Instructional Team of the school. I would never have even considered these leadership roles if not for MfA LA."
Cobblestone also independently observes Fellows' classrooms at the beginning, middle, and end of each person's five-year fellowship using a modified version of a classroom observation tool by Tisdel and Ehlert (1998) . Our goal is not to call out particular teachers or evaluate their teaching, but to describe whether cohorts of teachers as a whole are making progress in their instructional practices. Table 4 shows an increase in all subscales of the observation protocol. The data are aggregated for the 2010-13 Early Career Fellows and 2012-13 Master Teacher Fellows at the beginning and end of their fellowships. 
Student Effects
Given the connection, though weak, between students' attitudes toward mathematics and their achievement in mathematics (Ma & Kishor, 1997) , we sought to measure MfA LA Fellows' effectiveness at improving students' attitudes toward learning mathematics. Each year, we select a random sample of MfA LA Fellows and ask their school administrators for consent to collect student attitude data. Students of MfA LA Fellows and students of other teachers at their schools teaching similar courses were then asked to consent to collection of attitudinal data at the beginning and end of the school year. We use the Minnesota Mathematics Attitude Inventory (Sandman, 1980) , an instrument we found to have good reliability at both pre-and posttest.
For brevity, we report most recent results from the 2017-18 academic year. During that year, our sample included 744 students of MfA LA Fellows (treatment) and 807 students of non-MfA LA teachers (control). Chi-square tests revealed that treatment and control students were equivalent on sex and ethnicity. Multivariate analysis of covariance (MANCOVA) was used to compare the posttest mathematics attitudes of treatment and control students, controlling for students' attitudes as pretest as well as demographic characteristics. This analysis revealed that students of MfA LA Fellows reported significantly higher perceptions of their teacher, more positive attitudes about their enjoyment of mathematics and value of mathematics at posttest. However, effect sizes were negligible. Overall results of the posttest survey for each of the six key dimensions of this inventory are shown in Table 6 . These findings are similar to those from previous years.
Subscale
MfA LA students (n=744) Control students (n=807 While improving student standardized achievement scores is not a primary goal of MfA LA, the way we currently operationalize student learning is through these scores in the absence of other, more valid data sources. Therefore, we have investigated how students of MfA LA Fellows perform relative to other students on standardized tests. Additionally, standardized measures for learning in CS do not yet exist, so we only report standardized mathematics achievement scores. Prior to 2015, MfA LA collected California Standards Tests (CST) scores from districts in which our Fellows taught. After 2016, we had access to Smarter Balanced Assessment System (SBAC) student achievement data from districts.
For brevity, we report most recent SBAC results from the 2017-18 academic year. Anonymized student data were received from 10 middle schools and 29 high schools representing 4 districts. Out of an initial sample of 13,817 students, propensity score matching (Rosenbaum & Rubin, 1985; Thoemmes, 2012) was used to generate two subsamples of students of MfA LA Fellows (treatment) and non-MfA LA Fellows (control), matched on demographic markers (such as gender, ethnicity, and English proficiency) and school-level variables (such as percentage of English language learners and students receiving free or reduced lunch). This matching produced 781 middle school and 1,092 high school students in both treatment and control groups. It should be noted that though there were more high school students in the sample, SBAC data is only available for Grades 6-8 and 11. Consequently, the sample of high school students is a somewhat skewed proportion of students since only a fraction of MfA LA high school Fellows teach 11th graders. Table 7 . One-way ANOVA results for mean comparisons of SBAC scores; **p<.01; ***p<.001; Partial η 2 is a measure of effect size that represents the proportion of variance in the outcome that is accounted for by the predictor (whether a student has a MfA LA teacher or not). Table 7 presents mean SBAC scores whereas Table 8 presents the proportion of students in different achievement levels on the SBAC. As can be seen in Table 7 , both middle and high school students of MfA LA Fellows scored higher on the SBAC than control students and these differences were statistically significant: Middle school F (1, 1556) =187.5, p < .001; High school F (1, 2178) = 11.4, p < .01.
The figures in Table 8 indicate that a higher proportion of MfA LA students than control students achieved Level 4 (38.9% vs 15.2%, respectively), and a lower proportion of MfA LA students than control students at Level 1 (16.7% vs 42.6%, respectively). The effect size for middle school was moderate (Cramer's V= .33), suggesting that students who have an MfA LA Fellow as an instructor are somewhat more likely to achieve a higher SBAC level. For high school students, there were no statistically significant differences in the proportion of MfA LA and control students across achievement levels, though there have been significant findings in previous years.
Taken as a whole, these findings help to validate MfA LA's theory of action ( Figure 2 ) and show that these efforts are helping teacher stay in the profession, become more effective teachers, become more effective leaders, and improve students learning outcomes.
Lessons Learned
This retrospective article might give one the false impression that MfA LA's programs unfolded linearly from core principles and effective professional development practices to logic models and programmatic choices. A more accurate description of MfA LA's progress is more chaotic and includes missteps and growth in fits and starts. However, MfA LA has always grown organically in response to what our Fellows tell us they need, shifting conditions in schools and districts, and constant program evaluation.
Perhaps the most important thing that we have learned is that good professional development requires significant time and resources and that those two things are constantly in tension with each other. Teacher learning takes time, and being able to measure that learning takes even more time. Therefore, any significant professional development effort needs to measure progress over years, not weeks and months. Another example of this tension derives from the reality that teaching in public schools is demanding and time consuming. Buying out collaborative periods is one way to give teachers the time they need to make significant progress on their instructional goals, but it is expensive.
Another tension common in many professional development efforts is the balance between scale and community. MfA LA teachers report that the community and holistic support they receive provide solace from constantly shifting policies and leadership at their schools and districts. And yet, professional development programs are often scrutinized and encouraged to scale up for greater impact. How can effective professional development be scaled up while preserving its integrity and robust sense of community?
And of course, a constant challenge for most professional development efforts is finding and sustaining financial support. A few years ago, MfA LA was just one of six satellite MfA programs created outside of New York. However, besides Los Angeles and New York, at present all other MfA sites have discontinued or are winding down their programs. MfA LA has remained viable due to its fundraising successes. That fundraising was made possible in part by the robust program evaluation, which allowed MfA LA to communicate its progress and successes with funders and stakeholders. MfA LA now faces the same challenges that many other start-up organizations face as they mature: the problem of convincing funders to contribute to more stable growth instead of more rapid growth, the difficulty of sustaining a coherent mission and strategic vision when founding members of the organization move on, and so on.
In her 1993 paper, Judith Warren Little proposed that "investments [in professional development] beyond the ordinary… are more defensible if they can meet one of these three criteria: (1) they can be credibly tied to a ripple effect (so that the per teacher cost is demonstrably lower than per participant cost); (2) one can claim that the direct individual benefit of this specific program is far more certain than the benefit linked to conventional funding; or (3) the program contributes in demonstrable ways to increased organizational capacity in ways that transcend the impact on those individuals who participate directly in the 'program.'" Time will tell if MfA LA can justify itself in one of these ways.
